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As a new type of two-dimensional carbon nanomaterials, graphene is widely used in 
energy conversion and storage devices, sensors, semiconductor and biomedicine, 
owing to its unique physical and chemical properties. At present, the synthesis 
methods of graphene can be generally classified into two categories: “top-down” and 
“bottom-up”, and chemical oxidation-reduction is the most promising method for 
mass production of graphene. In this thesis, we investigate the reduction process of 
graphene oxide, develop a new method to promote the reduction of graphene oxide, 
and discuss the relationship between mechanical properties and chemical structure of 
graphene oxide and reduced graphene oxide self-assembled aerogels. The conclusions 
of this thesis provide a new idea for the preparation, assembly and mechanical 
properties of reduced graphene oxide. 
Non-reductive metal ions are employed to promote the reduction of graphene oxide. 
We choose copper sulfate as non-reductive metal sulfate, and reduced graphene 
hydrogel can be obtained by heating the mixture of copper sulfate and graphene oxide 
at 90 
o
C for 24 h. We prove the reduction of graphene oxide by means of Fourier 
transform infrared spectroscopy, X-Ray diffraction and X-Ray photoelectron 
spectroscopy. Further experiments show that the other non-reductive metal ions, such 
as magnesium ion, zinc ion, also can promote the reduction of graphene oxide to 
varying degrees. Based on the experimental results, we propose the mechanism of the 
promotion of the graphene oxide reduction by non-reducive metal ions. We believe 
that the coordination of metal ions with oxygen atoms on graphene oxide could 
accelerate reduction process by decreasing the activation energy of deoxidation 
reaction of graphene oxide. It is the first time that non-reducive metal ions are 
reported to have the ability of accelerating the graphene reduction reaction in the field 
of graphene. This work confirms that graphene oxide tend to loss oxygen 
spontaneously, thus it is of great significance in the study of the reduction mechanism 















The relationship between the elasticity of graphene oxide and reduced graphene 
oxide aerogels and the chemical structures, environmental factors are also 
systematically studied in this thesis. We make a thorough investigation on the 
compressive elastic properties of graphene oxide and reduced graphene oxide aerogels 
with different densities in organic solvents, or air with different humidity. It is found 
that when the aerogels are compressed in organic solvents or in low-humidity air, they 
have excellent elastic recovery. According to these phenomena, we propose that the 
compressive elasticity is the intrinsic characteristic of graphene oxide and reduced 
graphene aerogels. However, the recovery of compressive deformation is related to 
the density of the sample, the reduction degree, and the environmental humidity. The 
experimental results show that the density of aerogels is associated with its structural 
strength, while the reduction degree of graphene oxide and the environment humidity 
determine the apparent compressive elasticity of the aerogels together. We find that 
the water molecules adsorbed on the surface of graphene oxide hinder elastic 
expression by producing adhesion force and weakening recovery force. Lower 
reduction degree results in large water adsorption capacity of graphene oxide. As a 
result, the elastic proerpties of graphene oxide aerogel with low reduction degree 
strongly depend on the environmental humidity, and these aerogels show weak 
appearent elastic recovery ability. This work well explains the reason for the poor 
elastic properties of graphene oxide and graphene aerogels, thus can guide the further 
development of new preparation methods of elastic graphene aerogels, and also has a 
great significance to the design of the graphene with specific mechanical properties or 
the three-dimensional structure of other two-dimensional materials. 
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